Porous carbons loaded with magnesium oxide were prepared through one-step process. Poly(ethylene terephthalate) and natural magnesite were used as carbon source and MgO precursor, respectively. An impact of a temperature and relative amounts of raw components used for preparations on the textural parameters of resulting hybrid materials is presented and discussed. As found, pore structure parameters tend to decrease along with MgO loading and temperature used during preparation process. Micropore area is the parameter being reduced primarily.
INTRODUCTION
In recent years there has been a rapid progress in many industries, particularly in the manufacture of advanced devices based on semiconductors, pharmaceuticals, or in biotechnology. One of the key factors regularly required to carry out production processes with the advanced processes is a purity of the technological media, including air. This requires utilization of effective fi ltering devices capable to remove from large volumes of the air impurities to achieve desired levels. Apart from the technology, purifi cation of air is often employed in large air conditioning systems and very specifi c case like personal gas masks can be also considered as examples of small air purifi cation systems.
Currently, despite solid particulates, elimination of gaseous pollutants present in the air even in trace amounts is often necessary 1 . For that reason, new and cheap methods and materials for effective purifi cation of gases are being constantly developed. Air fi lters regularly use activated carbons. Both effi ciency and selectivity of these adsorbents can be modifi ed by a proper chemical treatment or by loading suitable chemicals intentionally chosen to remove specifi c gases from the air 2-5 . In this way so called chemical fi lters are manufactured. Thus, in addition to the physical adsorption, a chemisorption involving a chemical reaction between the chemical and pollution may play an important role 6,7 . Carbon sorbents loaded with chemicals are typically produced through impregnation of activated carbon with suitable organic or inorganic compounds, carefully selected for specifi c applications 8, 9 . For example, highly effi cient removal of acid gases such as SO 2 and CO 2 exhibit porous carbons loaded with bases like NaOH, KOH, or K 2 CO 3
10
. Despite impregnation, carbon adsorbents loaded with additives can also be prepared by so called blending method, consisting in thermal treatment of carbon precursor with a precursor of an additive
11 . An analysis of the literature clearly indicated lack of reports on the activated carbons loaded with magnesium oxide, produced according to the blending method. However, there are two well-known industrial methods for SO 2 removal from fl ue gas, the magnesite method and 3 • Mg(OH) 2 • 3H 2 O] results in obtaining porous carbon material rich in both mesopores and micropores. Here, formation of mesopores was mainly due to MgO presence and micropores were created during reaction between a char formed from PET and gases, CO 2 and H 2 O, formed during thermal decomposition of the carbonate.
The aim of this study was to develop a simple method for obtaining new carbon sorbent containing MgO, from readily available and economically attractive raw materials. Hence, PET was chosen as carbon source and natural magnesite served as MgO precursor and CO 2 delivering agent. Potentially, both products formed from the magnesite may act as pore generating agents.
EXPERIMENTAL

Materials
Poly(ethylene terephthalate) used as carbon precursor was of commercial grade, purchased from Elana S.A., Poland. Another raw material, magnesite, was a mineral mined from deposits located near Grochów, Poland and obtained from Magnezyty Grochów S. A., Poland. According to the product data sheet obtained from the supplier, magnesium carbonate is a main component in the mineral. The weight contents of all the major components naturally present in the magnesite, with reference and raw magnesite c) to oxides, are as following: MgO 30-38%, SiO 2 14-23%, Fe 2 O 3 4-6%, and CaO 1-2.5%. High purity (99.999%) argon gas used during preparations was purchased from Messer, Austria.
Preparations
Carbon materials containing magnesium oxide (MgO) were prepared through pyrolysis of a mixtures consisting of poly(ethylene terephthalate) (carbon source) and the magnesite (MgO precursor). 20 g of fi nely ground PET was mechanically mixed with 8.6 g, or 20.0 g, or 46.0 g of the pulverized magnesite. In this way mixtures of PET/ magnesite, hereinafter signed as PET/MAG, at weight ratios 70:30, 50:50, and 30:70, were obtained, respectively. The mixtures were preheated in argon fl ow (100 cm 3 / min) at 538 K for 1 hour. The sintered materials obtained were fi nely ground, and then in portions heated under fl owing argon from room temperature to 923 K, 1023 K or 1123 K. The fi nal temperature was maintained for 1 hour. In each case heating rates were 10 K/min.
For reference, MgO-free carbons were prepared from obtained hybrid materials. For that purpose, MgOloaded materials prepared according to procedure described above were washed with excessive amounts of 3.2 M HCl. After 24 hours long stirring remained solid was separated from the suspension and washed with portions of distilled water until constant pH was achieved. After fi nal fi ltration, the solid carbonaceous product was dried in air at 383 K for 24 hours.
Methods
Parameters of pore structure for the obtained materials were determined on the base of nitrogen adsorption measurements at 77 K. The nitrogen adsorption/desorption isotherms for individual materials were measured with use of Quadrasorb SI analyser (Quantachrome Instruments). 12 hours long degassing at 563 K under high vacuum was carried out for each sample prior to the adsorption measurements. Specific surface area values were determined by applying BET method. Micropore surface areas (S micro ), external surface areas (S ext ), and total surface areas (S total ) were calculated applying the αs method.
Thermogravimetric analyses were carried out on a Netzsch STA 449 C thermobalance. For this purpose, samples of PET/MAG (10 mg) raw mixtures were heated from 298 K to 1223 K at a heating rate of 10 K/min under N 2 atmosphere (30 cm 3 /min). In order to estimate content of inorganics, i.e. MgO and eventual impurities, in obtained samples, additional thermogravimetric analyses were carried out in air atmosphere (30 cm 3 / min) applying the same temperature program.
RESULTS AND DISCUSSION
Thermogravimetric studies
An example of thermogravimetric analysis of PET/ MAG mixture, together with thermograms measured for the components individually is presented in Fig. 1 .
During heating the of the PET/MAG mixture, two distinct mass drops occur. The fi rst one with a maximum rate at 706 K is close to that seen for pure PET (Fig. 1b) . The second distinct mass drop occurs at ca. 870 K. Taking into account TG gram measured for the magnesite alone, it may be stated that this drop is related to the thermal decomposition of the mineral contained in a raw mixture. The mass of the sample gets stabilized at ca. 920 K.
Thermogravimetric analyses performed for the mixtures prepared at different weight ratios confi rmed proceeding of analogous changes during heating. Naturally, because of different loadings of magnesite, residual masses registered at the end of measurements were different and increased along with magnesite content. The insignifi cant mass decrement observed at above 900 K must be resulting from a slow reaction between carbonaceous material formed from PET, and CO 2 gas released from magnesite. This effect had been extensively studied in our previous works 20, 21 , dealing with pyrolysis of PET in mixtures with other decomposable magnesium compounds.
X-ray diffraction and phase composition of the prepared materials
X-ray diffraction patterns for the magnesite (raw and subjected to heating to 773 K and 923 K), and for PET/ MAG (50:50) pyrolysed at 923 K, are shown in Fig 2. Obviously, the main phase recognized in the hybrid material after pyrolysis, MgO, is formed from MgCO 3 contained in the mineral. Despite the oxide, the product contains small amounts of contaminants, also originating from the magnesite. Equivalent results could be obtained for materials prepared at other temperatures (i.e. at 1023 K or 1123 K) and using different weight ratios of raw materials. Taking into account results of XRD analyses and TG measurements ( Fig. 1) we postulate that in order to obtain carbon material loaded with magnesium oxide via pyrolysis of PET/MAG mixture, a treatment temperature of at least ca. 920 K is required. The lower temperature may be not enough to decompose MgCO 3 to the oxide.
Porosity of the materials
N 2 adsorption/desorption isotherms measured for the prepared samples containing MgO are of similar shape. Typical examples are presented in Fig 3. Characteristic knees seen at the low relative pressures, like in type I isotherm according to IUPAC classifi cation, confi rm presence of considerable amounts of micropores. On the other hand, the characteristic hystereses at relative pressures above 0.4, like in type IV isotherms, testify capillary condensation in mesopores. As a rule, certain decrease in the amount of nitrogen adsorbed can be seen along with magnesite loading in a raw mixture, and thus with MgO loading in a product. Adsorption of nitrogen decreases slightly also along with fi nal temperature used during preparation of a material. The pore structure parameters calculated from the obtained isotherms are listed in Tab. 1.
From the data contained in Tab. 1. it is evident that BET and the total specifi c surface area tend to decrease along with both preparation temperatures and with MgO loadings in the obtained products. Considering other results of α S analysis, the decrease is resultant from lowering of micropore area and external surface area. Taking into account signifi cantly higher parameters determined for acid washed, i.e. MgO -free, sample, it may be stated that relatively low porosity of MgO -containing materials studied in this work is because of MgO presence. Similar effect of inorganic additives on porosity of carbons we have already reported elsewhere 20, 21 . From the data presented some practical indications can be drawn. Hence, in order to achieve a high specifi c surface area of a product, it is advised to carry out preparations at possibly low fi nal temperature. But, the temperature should be high enough to assure thermal decomposition of the magnesite to the desired MgO. An infl uence of MgO content on pore structure parameters is different factor. Hence, even higher loadings of this compound may result in obtaining materials revealing lower pore parameters, high MgO contents may be benefi cial in some practical applications. For instance, high loadings of the oxide may increase performance of the hybrid sorbents in sorption processes where a chemical reaction between an adsorbate and the oxide takes place next to physisorption. Nevertheless, in order to evaluate if the high MgO loadings are benefi cial or not, the materials must be fi rst examined as a sorbent for specifi c adsorbates.
CONCLUSIONS
This work describes a simple process for preparation of porous carbon materials supporting MgO. An important Table 1 . Structure parameters of PET/MAG 50:50 ratio composite materials prepared in different temperatures advantage of the method is that cheap MgO precursor, natural magnesite, can be used for preparations and the precursor plays a key role as a pore creating agent. Because of quite well-developed porosity and certain content the basic oxide, we believe that studied hybrid material can act as a material suitable for selective removal of certain impurities from gaseous streams.
